The American Society of Anesthesiologists (ASA) physical status classification system has previously been shown to be inconsistently applied by anaesthetists. One hundred and sixty questionnaires were sent out to all specialist anaesthetists in Hong Kong. Ten hypothetical patients, identical to those of a similar study undertaken 20 years ago, each with different types and degrees of physical disability were described. Respondents were asked about their country of training and type of anaesthetic practice and to assign an ASA classification status for each patient.
Classification of patients according to their physical status prior to surgery was initially suggested in 1941 by the American Society of Anesthetists, the forerunner of the American Society of Anesthesiologists (ASA) 1 . The ASA classification was initially created with six classes, then a seventh class was added. The modern ASA classification, consisting of five categories, was adopted in 1961 following Dripps' recommendation 2 (Table 1 ). This grading system was designed to categorize physical status in order to create a uniform system for statistical analysis. It was never intended to represent perioperative risk of morbidity for any individual patient since many other factors such as the surgical procedure, patient preparation, variability of surgeons and equipment used in different institutions can also affect outcome. Many human scientific investigations relating to surgery and anaesthesia have used this classification to categorize patients according to their physical fitness for the purpose of audit and statistical analysis. Many anaesthetists also use it to describe their patients' physical status for both record keeping and communication between colleagues. As hospitals become more aware of cost saving, the ASA classification also has the potential for health authorities to use it to determine distribution of resources and to compare performance variables between hospitals 3 .
Several studies have demonstrated inconsistency among anaesthetists in ASA classification [4] [5] [6] . As the first of these studies was conducted over 20 years ago 4 , it is interesting to determine whether this diversity continues and if it is consistent between different Patient with severe systemic disease that is a constant threat to life 5
Moribund patient who is not expected to survive another 24 hours with or without surgery groups of anaesthetists. Specialist anaesthetists in Hong Kong have different training backgrounds and work in either private or government funded public hospitals (there is no mixed practice). This study was intended to determine whether such variables affect ASA categorization.
METHODS
One hundred and sixty questionnaires were sent out to all specialist anaesthetists on the register of the Hong Kong Academy of Medicine. All of them had undergone higher specialist training and also had a Ten hypothetical patients were used (see Apendix) and were the same as those used by Owen and colleagues in 1978 4 .
We examined the agreement of all respondents for each individual patient and for all patients grouped together. Comparisons were then conducted between the specialists in Hong Kong and Owen's group in the U.S.A. 7 , between locally and overseas trained anaesthetists and, lastly, between private practitioners and public hospital specialists.
The Hong Kong College of Anaesthesiologists has designed a training system and criteria for specialist accreditation. The duration of training should not be less than six years. We classified those who had completed over half of their training (over three years) overseas as "overseas trained" and those with less than half as "locally trained". Private practice and public hospital practice in Hong Kong are mutually exclusive and, therefore, easily distinguished.
The diversification of categorization was assessed and the Percentage of Agreement was used to calculate the differences in agreement within each group as it is equal to:
Number of pairs of agreed assignments
Total pairs of assignments
x 100%
When comparing each patient within two groups of assessors, the Chi-square test was used to measure the difference in distribution where P<0.05 is taken as statistically significant. The Yate's correction is used as appropriate.
Finally, all 10 patients were analysed together and the level of agreement between each group was calculated by using the Cohen's Kappa index of reliability 8 and P<0.05 was taken as statistical significance.
RESULTS
Ninety-six questionnaires were returned (61%) after two mailings. The ASA grading attributed to each hypothetical patient is listed in Table 2 . No patient had an identical grading and in only two cases was the grading restricted to two categories (cases 1 and 10). Seven cases had three categories (cases 3 to 9) and the remaining one (case 2) had four categories. We did not provide the "correct" answers as so many specialist anaesthetists have different opinions in interpretation of co-morbidities. Table 4 shows the distribution of ASA gradings between locally and overseas trained specialists and Table 5 , those between private and public hospital practitioners.
The percentages of agreement for each patient range from 31 to 85%. The case that the respondents agreed least was patient 9 having the agreement range between 30 to 40%.
The chi-square results showed significant differences in cases 2, 4, 5 and 7 within the Hong Kong and the U.S.A. comparison, case 4 within the local and the overseas comparison and cases 5, 6 and 8 within the public and the private practitioners comparison (Tables 2, 3 
and 4).
When looking at the Kappa indices within each specified groups (Table 5 ), all indices are between 0.21-0.40. According to the definition of the Kappa statistics (Table 6 ), agreement was "Fair" category. When comparing the overall results including all 10 patients between groups, significant disagreement (P<0.05) was found between the Hong Kong and the U.S.A. groups and also between the locally and the overseas trained groups ( Table 5 ).
DISCUSSION
The initial aim in creating a classification for patients undergoing surgery was to describe their physical status, not their perioperative risk of complications 9 . This system should be simple to use and easily reproducible. As many anaesthetic-related human scientific investigations involve this grading system, one would assume that anaesthetists worldwide should be referring to similar groups of patients within the same category in the classification system. It is also considered a key variable in reports such as the National Confidential Enquiry into Perioperative Deaths (NCEPOD) conducted in England and Wales and the Anaesthesia Related Mortality in Australia. Training institutions may also put much emphasis on the need for supervision of trainees depending on their patients' ASA status.
Our results indicated that variation in ASA classification is still apparent after many years of use. There were disagreements in all 10 hypothetical patients and in only two cases was this restricted to two grades. One case was even assigned four grades. The percentage of agreement for each individual patient lies mostly between the 40 to 60% range. The overall assessment for agreement only reached the "Fair" category.
There are a number of reasons that may explain why there is still so much discrepancy in such a well documented, universally used grading system. and obesity (case 9). Different interpretations of "functional limitation" and "constant threat to life" can lead to major differences in ASA classification in such cases. These findings are consistent with previous reports 4-6 .
The Hong Kong College of Anaesthesiologists was established just over 10 years ago. It encompasses specialists who have been trained all over the world. This provides an interesting opportunity to examine whether a different training background or possibly cultural differences may influence our judgement in categorizing patients. A statistically significant difference was found between the two groups (P<0.05, Table 5 ) indicating that different training or cultural differences may be contributing factors to the overall inconsistency. This finding suggests anaesthetic literature using ASA gradings should be interpreted in the light of the fact that the classification may vary with the demography of the anaesthetists involved as well as patient status.
The pattern of practice may differ between private and public hospitals. Procedural complexity, patient demographic, practitioner experience and data collection systems are likely to differ. There may be financial incentives to classify patients as "sicker" if this is part of the fee structure in private hospitals. In Hong Kong, all public hospitals are government funded whereas patients in private hospitals are individually charged according to various criteria, including chronic health score 10 . Despite these theoretical differences, our results failed to show a statistical difference between these two groups of practitioners.
The Kappa indices for all six groups in our study show that the reliability and degree of agreement between specialists in ASA classification is only fair. Others have suggested that the system is inadequate, irrelevant and even outdated 11 . The inadequacies of the ASA system have prompted searches for alternative approaches. Robinson 12 suggested a short communication paragraph of the individual patient's preoperative characteristics and a plan of anaesthesia and postoperative care in a written format. This can be quite clumsy, is difficult to audit and would involve more work for both the assessor and the interpreter. While this kind of assessment would be more accurate in describing individual patient characteristics and subsequent planning, its lack of a numerical value would severely limit its usefulness in statistical analysis.
It seems inevitable that a more accurate scoring system will be more complex. The Acute, Physiological and Chronic Health Evaluation (APACHE) scoring system used by intensivists 13 is too complicated for routine anaesthesia use. Improved precision and objectivity in a new anaesthesia scoring system for patients could involve inclusion of some specific measurable factors relating to the patient.
The limitations of the ASA grading as a risk assessment (especially as surgical factors are not included) are reflected in the literature. Correlation between the ASA physical status and patients' postoperative outcome has been both good [14] [15] [16] and poor [17] [18] [19] . In order to estimate postoperative outcome in more precise terms, it has been suggested that, as well as a physical status scoring system, one should also include other anaesthetic risk factors 20-22 or simply utilize another scoring system 23,24 . They should take into account, for example, the magnitude of the surgical procedure, trauma scores and genetic susceptibility to various diseases. Chronic health evaluation as well as the relative anaesthetic risk could be combined to give an overall "graded anaesthesia score" 25 . Pedersen and colleagues performed a pioneer study to look for risk predictors 26 . They concluded that a model consisting of five preoperative variables significantly predicted patient outcome. These were age, history of chronic heart disease, renal disease, emergency surgery and type of operation. This has been corroborated by other studies 27 . The limitation of these predictors is unforeseeable intraoperative adverse events. Human errors or length of the procedure cannot be predicted by multifactorial indices 28,29 . A "graded anaesthesia score" or "postoperative risk assessment" would have to include many relevant variables. A very large sample size needs to be recruited to determine relative importance. Risk prediction helps discussion of treatment options, whether surgical or nonsurgical 30 . Quality control, audit and distribution of manpower could benefit from application of a "graded anaesthetic score" or "perioperative risk indicator".
We have confirmed that the ASA patient classification is quite subjective and that a significant level of disagreement exists, even between qualified specialists. The simplicity of the ASA classification, even if the information conveyed is limited, has contributed to its widespread use. We believe that the ASA system is useful for clinical communication between colleagues. For more detailed case analysis for auditing, risk management and funding allocation purposes, a more specific and precise system is urgently needed to improve consistency. 19 
APPENDIX
For each of the following patients, values for serum electrolytes, hepatic enzymes, urea, creatinine, blood sugar, haemoglobin, white blood cell count, and urinalysis have been obtained. In addition, a recent chest X-ray and electrocardiogram have been obtained. All are reported as normal unless otherwise specified.
Patient 1
A 75-year-old Caucasian male farmer, weighing 85 kg, is scheduled for an elective inguinal herniorrhaphy. He operates a 120 acre farm with help only during harvest. Ten years ago he was ill with hepatitis with no known residual complication. The remainder of his history is noncontributory. On physical examination he appears younger than his stated age. Vital signs are normal. The right inguinal hernia is the only abnormality found.
Patient 2
A 45-year-old Caucasian female anaesthesiologist is scheduled for a staging laparotomy for lymphoma. Her weight is 52 kg and represents a loss of 8 kg in the past three months. She has been treated with prednisolone, 50 mg per day, and chlorambucil for the past two months. Past history includes infectious childhood diseases and an appendectomy at age 17, performed with an unidentified general anaesthetic, with good recovery. She is gravida 2, para 2. She had spinal anaesthesia without sequelae for both deliveries. An inguinal biopsy was done during uneventful balanced anaesthesia two months ago. Physical examination reveals that the patient is thin, with the following abnormal findings: the spleen and liver are enlarged. A mass is palpable in the lower abdomen. Inguinal nodes are present on the right and a healed left inguinal scar is present.
Laboratory values include haematocrit, 30%; haemoglobin 10 g.dl -1 ; white cell count 5000 cu.mm -1 ; platelet count 125,000; alkaline phosphatase 250 mU.ml -1 (normal 35-95); lactate dehydrogenase (LDH) 300 mU.ml -1 (normal 100-250); creatine phosphokinase (CPK) 150 mU.ml -1 (normal 25-145); serum glutamic oxaloacetic transaminase (SGOT) 80 mU.ml -1 (normal 10-40).
Patient 3
A 56-year-old Caucasian man is scheduled for a hemorrhoidectomy. Past history reveals a myocardial infarction nine months ago, uncomplicated by arrythmias or heart failure. Review of systems is noncontributory. Physical examination shows no abnormality except prolapsed haemorrhoids.
ECG demonstrates an old anterior infarct and a normal sinus rhythm.
Patient 4
A 42-year-old Negro man is scheduled for a lumbar laminectomy for a herniated disc at L2-3. Past history and review of systems reveal a previous diagnosis of sickle-cell trait. The rest of the history is noncontributory. Physical examination shows no abnormality except neurologic findings compatible with the herniated lumbar disc.
Haemoglobin is 11.8 g.dl -1 and haematocrit, 36.4%.
Patient 5
A 50-year-old Caucasian salesman was hospitalized six days prior to operation with the complaint of substernal pain. During the next three days enzymatic and electrocardiographic changes compatible with myocardial infarction were found. During the first day noradrenaline infusion was necessary to maintain blood pressure in the normal range. From the second day on, mental confusion was noticed. On the fourth day the patient passed tarry stools and had two episodes of hematemesis. Transfusion of six units of blood was necessary to maintain blood pressure.
Past history includes a childhood infectious disease, a daily consumption of 12 ounces (half bottle) of 84-proof whiskey for 25 years, and 90 packyears of cigarette smoking. The patient has had a productive cough and exertional dyspnoea.
An hour preceding operation the patient vomits a litre of bright red blood; blood pressure is 70/40 and pulse rate, 120 per minute. An immediate exploratory laparotomy is proposed.
On physical examination the patient is cold, sweaty, and dyspnoeic. He is unresponsive to verbal commands. Blood pressure is 60/40, pulse rate 130 per minute, haemoglobin 8.5 g.dl -1 , and haematocrit 24%.
Patient 6
A 55-year-old Caucasian man is scheduled for a transurethral resection of prostate to relieve obstructive uropathy. He has an accompanying diagnosis of aortic stenosis. Past history is noncontributory. Review of systems reveals frequent, severe pain, which is anginal in nature and is relieved by nitroglycerin. The patient has had two episodes of congestive heart failure necessitating hospitalization, the most recent being three months ago. Medications prescribed were nitroglycerin, digoxin, and frusemide. He has been advised to quit his job as an accountant and to restrict his work at home. On physical examination, the patient, who was thin, was resting in bed using three pillows. Blood pressure is 115/90. There is a systolic murmur at the aortic area with radiation to the neck, accompanied by a systolic thrill. The second heart sound in the aortic area is decreased in intensity. The lungs are clear to auscultation. The balance of the physical examination is noncontributory.
Blood studies reveal SGOT, 55 mU.ml -1 (normal 10-40); potassium, 3.2 mEq.l -1 (normal 3.5-5). Chest X-ray shows left ventricular enlargement. The ECG shows changes characteristic of left ventricular hypertrophy and a normal sinus rhythm, with a rate of 66 per minute.
Patient 7
A 24-year-old Caucasian housewife, weighing 60 kg, is scheduled for dilatation and curettage. Seven weeks following her last menstrual period, vaginal bleeding developed. Three days following the onset of bleeding an abortus is passed. The bleeding has continued, and has saturated five napkins over the past 24 hours. This was the patient's first pregnancy. She has been fasted for 8 hours and had only clear liquids for the preceding 6 hours. Past history and review of systems are noncontributory. Physical examination reveals a normal blood pressure, 100/60 and a pulse rate of 84 per minute. Vaginal bleeding is evident and a slight pallor is recorded.
The haemoglobin is 9.5 mg.dl -1 and the haematocrit is 26%.
Patient 8
A 67-year-old Caucasian man is scheduled for gastric resection to remove a mass in the greater curvature of the stomach. Past history reveals previous anaesthetic two years ago for right colectomy, which was complicated by respiratory failure, necessitating five days of mechanical ventilation. The patient has smoked two packs of cigarettes per day for 47 years. He becomes short of breath after six steps, has had a chronic cough for 20 years, and produces half a cup of sputum each morning. On physical examination the patient is obviously short of breath and is sitting up in bed. He exhales with pursed lips, cannot blow a match at 4 inches, and becomes dyspnoeic after 20 feet. Examination of the chest reveals increased anteroposterior (A-P) diameter, use of accessory respiratory muscles, and basilar rhonchi, which clear with a cough. Clubbing of the fingers is observed. The rest of the physical examination is normal.
Haemoglobin is 15 g.dl -1 , with haematocrit 49%. Chest X-ray reveals increased A-P diameter but no acute process. ECG reveals right ventricular hypertrophy. Results of pulmonary function tests include FEV1 25%, maximum mid-expiratory flow 0.28l.sec -1 , and FRC 120% of predicted. Arterial blood gas values during breathing of room air are P a O 2 45 mmHg, P a CO 2 51 mmHg and pH 7.39.
Patient 9
A 37-year-old Caucasian woman is scheduled for an elective Marshall-Marchetti procedure for urinary incontinence. Review of systems and past history are otherwise noncontributory. Physical examination reveals that the patient is 5 feet, 3 inches tall, weighs 120 kg, and has signs and systems consistent with a cystocele. The balance of the examination is noncontributory.
Patient 10
A 55-year-old Caucasian male executive is scheduled for elective cholecystectomy. His present complaints are all related to gallbladder disease. Five years ago he had a proven anterior myocardial infarction. He subsequently has had angina while walking uphill or in a cold wind. Six years ago his blood pressure was measured at 160/100. He has been treated with hydrochlorothiazide since then and his blood pressure has been in the range of 125 to 135 systolic and 90 to 95 diastolic since treatment was started. ECG shows an old infarction with no recent changes when compared with old tracings. Cholelithiasis is demonstrable radiographically. Physical examination reveals a weight of 80 kg and normal vital signs. The only abnormalities are tenderness in the right upper quadrant and a congenitally short left arm. 
